Role of reoxygenation in induction of enhancement of tumor radioresponse by paclitaxel.
We reported previously (L. Milas et al., Cancer Res., 54: 3506-3510, 1994) that paclitaxel greatly enhances the response of a murine mammary carcinoma to subsequent irradiation and hypothesized that the enhanced radioresponse was mediated by tumor cell reoxygenation caused by treatment with paclitaxel. Because paclitaxel induced massive tumor cell destruction by apoptosis, it was reasoned that as apoptotic cells were removed from the tumor more hypoxic cells would have access to oxygen, be reoxygenated, and, thus, become more sensitive to radiation. The present study tested this hypothesis by assessing the effect of 60 or 40 mg/kg paclitaxel on radioresponse of an 8-mm MCA-4 tumor irradiated under air-breathing or hypoxic conditions 9, 24, 48, or 72 h after paclitaxel administration. If the hypothesis was correct, paclitaxel would enhance tumor radioresponse more under air breathing than under hypoxic conditions, and the enhancement would increase as the time between paclitaxel administration and tumor irradiation increased within a few days after paclitaxel treatment but only when radiation was given under air-breathing conditions. The effect of the treatments was determined by tumor growth delay and the radiation dose required to control 50% of the tumors (TCD50). Paclitaxel greatly enhanced tumor radioresponse under air-breathing (and not hypoxic) conditions, increasing tumor growth delay, and reducing TCD50. These effects increased as the time interval between paclitaxel administration and tumor irradiation increased within the observation period of 72 h after paclitaxel treatment. The enhancement factors for tumor growth delay ranged from 1.19 at 9 h to 1.86 at 48 h and for TCD50, from 1.16 at 9 h to 1.47 at 72 h after paclitaxel. Direct measurements of tumor pO2 showed a median value in untreated tumors of 6.2 mmHg, which increased to 10.5 mmHg at 24 h and to 31.2 mmHg at 48 h after paclitaxel administration. Overall, these results show that paclitaxel is a potent enhancer of tumor radioresponse and that its effect is mediated by reoxygenation of hypoxic tumor cells.